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FRONTISPIECE

Salmonella potsdam bacteriophage P3/2, virulent mutant, prepared
by the negative staining method with phosphotungstate.

In the photograph

can be seen entire phage whose electron-dense heads contain DNA and whose
tail sheaths are fully extended.

In the upper right can be seen a phage

ghost with an empty head and a contracted tail sheath.
magnification of this electron micrograph: 400,000.
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INTRODUCTION

The bacteriophages which can be isolated from lysogenic strains
Salmonella are of the temperate type.
host bacteria, called indicator strains.

They will lyse certain of their
The first significant study to

propose a method of classifying these phages into distinct groups was
made by 3urnet (1932).

On the basis of cross-resistance patterns, he

was able to distinguish four separate groups, to which he gave the
designations A, 3, C, and D.

Within group A, Burnet later discovered

two definite subgroups which he called subgroup H and subgroup 5, re
ferred to as A/H and A/S.

Phages of subgroup A/H lysed only smooth

strains of Salmonella, and those of subgroup A/S lysed both smooth and
rough forms.
Boyd (1950) especially studied the phages of Salmonella
typhimurlum and derived a classification scheme based primarily on the
criterion of plaque morphology.
termed A and B.

He distinguished two main groups,

Group A phages formed a typical moderate-sized plaque

with a central area of growth of lysogenic bacteria surrounded by a
ring of lysis.

Group B produced smaller, irregular plaques which varied

in the degree of clearing.
groupings of Burnet.

Boyd attempted correlations with the phage

His A group is similar to Burnet's A group, but

especially matches most closely the A/H subgroup.
subgroup entirely.
group B or C.

He missed the A/S

Boyd's B phages would appear to fit into Burnet’s

For a more comprehensive comparison of these typing schemes,

see Bullas and Nutter (1968).
The structural and biochemical properties which have been re
ported for the temperate class of bacteriophages are not numerous when
1
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compared to the wealth of material reported for the virulent phages.
Studies performed on this class have increased in the last fifteen years
and more information is presently being added to the store.

The most

detailed studies of temperate phages reported have been made with only
four species:

lambda (Escherichia coli). PI and P2 (Shigella and E_.

coli). and P22 (Salmonella) (Bertani, 1958).

Analysis of the DNA of

three of these reported in 1960 were stressed as being only ,'p^elimina^yl,
(Sinsheimer, 1960).

from these early studies, it was suggested that

there are reasons to believe that the DMAs of the temperate phages bear
some genetic homology to the DMAs of their host cells (Bertani, 1958 and
Stent, 1958).

It has also been suggested that these phages contain the

usual deoxyribonucleotides found in the host.

This is in contrast to the

T-even coliphages which contain a unique base, qlucosylated hydroxymethylcytosine, which has never been found in the host nucleic acid (Sinsheimer,
1960).

P22 is similar morphologically to P4 and is'classified as an

A type phage.

Since this time, there has been a great deal of genetic

study using temperate bacteriophages which has been widely reported.
The number of reports of biochemical and biophysical properties of
temperate phages has also greatly increased (Grogan and Johnson, 1964;
Young, 1966; Yamagishi and Yoshizako, 1966; and Bezdek and Amati, 1967).
The Salmonella phage P4 has been partially characterized by
Roggenkamp (1966).

This phage produces a typical temperate plaque and

lyses only Salmonella in the present Kauffmann-White group C
possess antigen 7 (Atkinson and Bullas, 1957).
smooth strains only.

1* which

This indicates lysis of

P4 is serologically identical to other similar
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phages isolated from other strains of Salmonella potsdam (Atkinson and
Bullas, 1957) and is heat resistant (Atkinson and Bullas, 1957; c.f. Boyd,
1950).

On the basis of the above criteria, P4 is an A/H phage on Burnet’s

classification or an A phage as described by Boyd.
P3, a phage obtained from another lysogenic strain of Salmonella
potsdam, has not been studied to the same extent as P4.

It produces a

temperate plaque resembling that of P4, but in contrast, it lyses a wide
range of Salmonella, both smooth and rough forms and even some strains
°'? £• coli. K-12 (Bullas, personal .communication),

P3 is serologically

unrelated to P4 or to any of the A/H (heat-resistant) phages, but is serologically related to other phages of S^. potsdam which were found to be
less heat stable than the A/H phages (Bullas, 1957).

P3 was found to be

less heat stable than P4 (Atkinson and Bullas, 1956a and 1956b).

These

properties place P3 into the A/S subgroup of Burnet, undescribed by
Boyd (1950).
Morphological studies performed in this laboratory using an
electron microscope indicate a completely distinct morphology for each
of the phages P3 and P4.

The combination of evidence indicates that

these phages belong to completely different groups or classes which we
propose to call A and B.

On this system, still based on the earlier

systems of Burnet and Boyd, P4 is an A phage and P3 is a B phage (Nutter,
Bullas, and Schultz, 1968).
P3 and P4 both lyse an indicator strain of Salmonella called S_.
potsdam strain 2 (SP2).

In view of this, the designations P3/2 and P4/2

will be used throughout this study, indicating that the phage was grown
on SP2, a sensitive host.

4
Earlier work performed in this laboratory indicated that P3 was
a much more difficult phage to work with than was P4.

It grew to much

lower titers and exhibited little or no stability when subjected to
normal cold storage conditions (Nutter and Russell, 1966, unpublished
work) •

In view of these facts, coupled with other apparent properties,

the possibility arose that the nucleic acid of P3 might be different
from that of P4.
In order to study the nucleic acid of P3 and to characterize it.
several problems were apparent.

The optimum growth conditions which

would yield the highest possible titers of the phage and the conditions
for storage which would maintain the phage in a viable state for the
longest period of time needed to be determined.

Once these were attained,

sufficient quantities of P3 could be grown and purified to provide suffi
cient quantities of nucleic acid for study.

MATERIALS AND METHODS

A.

Bacteria and Bacteriophage Strains
Salmonella potsdam strain 2 (SP2) was originally isolated from a

case of clinical gastroenteritis and described by Atkinson and Bullas
(1956b).

This strain has shown no evidence of being lysogenic and has

been employed as a sensitive host for the propagation of various
Salmonella bacteriophages.
similarly isolated.
called P3.

Salmonella potsdam strain 3 (SP3) was

This strain is lysogenic, bearing a bacteriophage

The bacteria used have been maintained as subcultures on

slants of a nutrient agar, grown at 37°C overnight, and stored at room
temperature.

Transfers were generally made every four to six weeks.

Bacteriophage P3 was the phage isolated from strain SP3.

The

original source used in this study was obtained by the ultraviolet in
duction of the bacteria by a method similar to that described by Neufeld
(1965) and by Zuccarelli (1968).

In order to prevent mixed cultures of

P3 and P4, a phage obtained from 5P4 and used concurrently in this labor
atory, the rough variant of SP2 (SP2-R) was used for the propagation of
P3.

P4 is partially characterized by its ability to grow only on the

smooth form of SP2 (SP2-S).
A virulent mutant of the bacteriophage P3 arose as a spontaneous
virulent plaque and was isolated in this laboratory.

It was called

P3vir ancj incorporated into this study due to its ability to produce
crude lysate titers of up to ten times greater than those obtained from
the wild type temperate phage.

This mutant was partially characterized

by producing clear plaque centers and remained stable throughout this
5
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study.
The bacteria and bacteriophage strains mentioned are maintained
in the collection of the Bacterial Virus Laboratory, Department of
Microbiology, Loma Linda University, Loma Linda, California,

B,

Media
Fraser's medium (Fraser and Jerrel, 1953) was utilized for the

growth of the Salmonella bacteria.

One modification employed was the

addition of ethylenediaminetetraacetate (EDTA, disodium form, J. T, Baker
Chemical Company),

This addition was made as a stabilizing factor for

bacteriophage growth and storage rather than to enhance the nutritive
properties of the medium,
overnight cultures.

L-broth (Lennox, 1956) was used for growth of

Culture plates employed in this study contained L~

agar (Lennox, 1956) and a tryptone top layer agar.

Phage buffer (Bowen,

1953) was used for pooling, dilutions, and storage of the phage.
media were sterilized by autoclaving at 121°C for 30 minutes.
are listed in Table 1,

All

Formulae

Weights given are in grams per liter unless other

wise stated.

C.

Bacteriophage Growth Procedures
1,

Tube Method

Initial studies of the P3/2 bacteriophage involving growth and
stability factors were dona in aeration tubes.

Approximately 25 ml of

Fraser's medium were placed in a large culture tube (23 x 200 mm) equipped
with an aeration tube.

One ml of an overnight culture of 5P2-R was added

to the tube, moderate aeration applied, and growth of the bacteria was
allowed to continue in a 37°C water bath until the desired concentration

7
TABLE 1
Media Formulae
Ingredients

Cm/Liter

Fraser's Medium (Fraser and Jerrel, 1953)
Kf-^PO^ (anhydrous)

irn CaCi2
nh4ci
MqSO,.? H20
Na 2hpo4
Glycerin
Bacto-casamino acids (Difco)
1/6 Gelatin solution

4.5
0.3 ml
3.0
0.3
10.0
24.0 ml
15.0
3.0 ml

The ingredients were added to one liter of distilled water
in the order listed to prevent precipitation.
Phage Buffer (Bowen, 1953)
KH2PO4 (anhydrous)
Na2HP0* (anhydrous)
NaCl
MgSo4.7 H2O
1^ Gelatin solution

3.0
7.0
4.0
0.2
10.0 ml

L-aoar (Lennox, 1955)
Bacto-tryptone (Difco)
Yeast extract (Difco)
NaCl
Glucose (Dextrose)
Bacto-agar (Difco)
IN NaOH

10.0
5.0
5.0
1.0
10.0
1.5 ml

Tryptone too layer acar
Bacto-tryptcne (Difco)
Bacto-agar (Difco)
NaCl

10.0
7.0
5.0

Slant
Bacto-tryptone (Difco)
Bacto-agar (Difco)
NaCl
IN NaOH

10.0
20.0
5.0
6.0 ml

1
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of bacteria was attained.

Estimations of SP2-R concentrations were made

using a Petroff-Hausser bacterial counter.

At this time, the various

materials being tested were added as well as the phage inoculation.
Incubation was continued under reduced aeration as the individual tests
required.

Samples were obtained and plated by the standard assay pro-

cedure described in section C.

2.

Stocks were stored in the cold (2“4°C)*

Bottle (Yiethod

After stable growth conditions were established, greater amounts
of the bacteriophage were necessary for further work.

To accommodate

this need, four liter pyrex bottles were employed, each equipped with a
sintered-glass aeration tube and a foam overflow tube.

Two liters of

the Fraser's medium (Fraser and Jerrel, 1953) were placed in each bottle
and sterilized by autoclaving at 121°C for 30 minutes.
For SP2-R growth, fifteen to twenty ml of an overnight culture
were added to the two liter volume, and mode)rate aeration was applied.
A 37°C water bath was utilized.

When the bacterial level reached a con-

centration of 3-4 x 10 8 organisms per rnl (as estimated by the PetroffHausser bacterial counter), the P3/2 was added.
plicity of infection of 0.1 was used.

Initially, a multi

Later work indicated higher titer

results could be obtained if a multiplicity of 0.2-0.4 was used.
For several growth runs, a combination of phosphate salts and
EDTA was used for phage stability.

Later only EDTA at a concentration

of 1 mg per ml was used for this purpose and was added approximately one
hour after phage inoculation.
for phage stability.

The phosphate was found to be unnecessary

Growth was allowed to continue under reduced aeration

9
for five to seven hours.
Lysis of the SP2-R occurred in bursts at one-half hour intervals,
as indicated by vigorous foaming of the medium.

The excess foam was

collected in a sterile container by means of an overflow tube from the
growth bottle.

Occasional swirling of the bottle and greatly diminished

aeration lowered foam formation and prevented excessive loss of the re
leased bacteriophage.

Lysates were assayed by the standard plate pro

cedure and stored in the cold room until subjected to further purification
treatment.

D.

Bacteriophage Assay Technique
The standard assay procedure used throughout this study was the

agar layer technique as described by Adams (1959).
SP2-R, was utilized as the sensitive host.

Salmonella potsdam,

L-agar was used for the

bottom layer, and 0.7^ tryptcne agar was used for the top layer.
Serial dilutions of the bacteriophage were made in phage buffer
and stored in the refrigerator until ready for use.

Since Po/2 indicated

a tendency to clump, dispersal of clumps was facilitated by use of sonic
oscillation with a Raytheon ten kilocycle ocillator for several seconds
or by shaking vigorously on a mechanical mixer for two to three minutes.
In the assay, 0.1 ml of the appropriate phage dilution was added to 2.5
ml of soft agar which contained 0.2 ml of an overnight culture of SP2-R
in a tube kept in a 45°C water bath.

This was mixed and poured over a

warmed plate containing the L-agar base.

After hardening, the plates

were incubated at 37°C overnight, and resultant plaques counted using a
Quebec colony counter.
The number of plaque forming units (pfu's) per milliliter of

10
original material was determined by use of the following formula:
N = Y/VD
where N = phage concentration of the undiluted sample.
Y = number of plaques determined,
V = volume used (0.1 ml), and
D = dilution factor.

E,

(Stent, 1963)

Purification of the Bacteriophage
1.

Differential Centrifugation (modified from Lunan and

Sinsheimer, 1956)
Crude bacteriophage lysates were subjected to a differential
centrifugation procedure to purify the P3/2 from the bacterial debris*
The lysate was initially given a low speed centrifugation to sediment out
the larger debris particles, and the resultant supernatant subjected to a
high speed centrifugation to settle the suspended phage into pellets.
The pellets were resuspended in a small amount of buffer and given
another low speed sedimentation run further to purify this suspension.
In the early studies when small quantities of lysate were used,
the first low speed centrifugation to sediment out the bacterial debris
was done using a Sorvall RC-1 centrifuge, spinning at 5900 x g for ten
minutes.

The scheme finally adopted for differential centrifugation is

depicted in Figure 1.
2.

Density Gradient Purification and Density Determination

Initial density gradient centrifugations were done using P3/2
in cesium chloride.

Several bands appeared, but bioassays determined

that bacteriophage survival rate was on the order of one percent.

Studies

11

P 3/2-Grown in Bulk
Lou/ Spaed Centrifugation
Sorvall RC2-B Centrifuge
Continuous riow-5900 x g (7000 rpm), 25 ml/minute
Bacterial Debris (Buttons)-Discarded
i'

Supernatant
High Speed Centrifugation #1
Beckman Spinco L-4 Ultracentrifuge
Continuous Flou/-73,0Q0 x g (40,000 rprn), 38 ml/minute
Supernatant-Discarded
Rotor Washings (Phage Sediment)
High Speed Centrifugation #2
Beckman Model L Ultracentrifuge
59,000 x g (21,000 rprn), 5 Hours
- Supernatant-Discarded

Phage Buttons (Resuspended in Phage Buffer)
Low Speed Centrifugation
Sorvall RC2-B Centrifuge
5900 x g (7000 rprn), 10 Minutes
Buttons-Discarded
SUPERNATANT—Final Concentrated Phage Suspension

Figure 1.

Differential Centrifugation Purification
Technique for P3/2
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were performed using cesium chloride, Ficoll (Holter and (Yloller, 1958),
end potassium tartrate (HcCrea, Epstein, and Barry, 1961) as possible
density gradient materials.

The materials were either tested by per-

forming density gradient centrifugations and assaying to determine phage
viability or by mixing a phage suspension with the test material, storing
in the cold room (2-40C) overnight, and then assaying for phage survival.
Ficoll gave a survival rate of 20-60 percent, and potassium tartrate presented a rate of 60-75 percent.

As a result, potassium tartrate was

chosen as the material to be used for the density gradient work.
P3/2 banded well in a tube containing potassium tartrate covering
a density range of 25-50 percent.

The gradient tubes were prefilled with

the aid of a density gradient preforming gradient apparatus (Buchler
Instruments) and a polystaltic pump (Buchler Instruments).
tartrate solutions were made up on a w/w basis.

The potassium

Approximately one ml of

phage suspension was layered on top of the preformed gradient material.
The tubes were placed in an SW 39 rotor and spun in a Beckman Model L
preparative ultracentrifuge for five hours at 35,000 rpm (133,000 x g)
at 4°C.

The rotor was allowed to stop without application of the brake.

Three distinct bands would usually form, with the middle band containing
the greatest concentration of viable phage and the bottom band appeared
to be free of most impurities such as flagella and other bacterial debris.
The P3/2 virulent mutant was found to have a greater survival
rate, approaching 25 percent, in cesium chloride.

For this phage, tubes

were filled with a 30 percent cesium chloride solution (2.18 gm CsCl,
5.2 ml phage suspension) and thoroughly mixed.

These were spun in the

SW 39 rotor at 4°C in the Beckman Model L preparative ultracentrifuge
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at 35,000 rpm for 18 hours to form the gradient and establish equilibrium
conditions.
Bands were collected by attaching a needle to a length of tubing
which passed through the polystaltic pump.

While the pump ran slowly.

the needle was inserted into the tube in the region of the desired band,
and the surrounding material completely withdrawn.

Samples were usually

dialyzed against saline before further use.
For density determinations, the gradient tubes were punctured at
the bottom by a needle with tubing attached, and the contents collected
by means of the polystaltic pump into individual tubes in ten drop incre
ments.

The refractive index (n^) of each sample was read, using a Zeiss

Abbe* refractometer.

From the refractive index, the density (p) of each

sample was calculated using the formula:
p25°C - 10.8601 nd - 13.4974
The formula was after Schildkraut, Marmur, and Doty (1962).
F.

Procedures Used in Working with P3/2
1.

Isolation of Bacteriophage DMA

Bacteriophage DNA was isolated by phenol extraction according to
a modification of the method described by Grossman, Levine, and Allison,
(1961).

Buffer-saturated phenol was prepared by shaking equal volumes

of colorless liquid phenol (analytical reagent, 88 percent, Mallinckrodt)
and 0.1

K2HPO4/KH2PO4, pH 7.0, together in a separatory funnel,

The

phenol was colorless, indicating optimal reagent purity, for most effi
cient DNA recovery and was stored in a dark bottle in the cold between
uses (Procedures in Nucleic Acid Research, 1966).
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Prior to extraction, the bacteriophage suspension was subjected
to deoxyribonuclease treatment to prevent any extraneous bacterial DNA
from being included in the final DNA solution.

To each ml of phage sus

pension was added 1.2 mg of mgSO^.7 b^O (0.005 M [Y]g++ concentration;
Adams, 1959) and two micrograms of deoxyribonuclease (amorphous,
Nutritional Biochemicals Corporation).

This was incubated for one hour

at room temperature.
Equal volumes of bacteriophage suspension and buffered phenol
were shaken together in a separatory funnel for fifteen minutes.

The

phenol-DNA mixture was then centrifuged in a Sorvall RC2-B centrifuge
at 20,000 x g (13,000 rpm) for fifteen minutes.

The aqueous layer was

withdrawn and subjected to two more phenol extraction steps as outlined
above.

The phenol layers were discarded.
The aqueous portion of the final phenol extraction was further

extracted three times with four volumes of peroxidase-free ether at 0°C
to remove the phenol.

Nitrogen gas was then slowly bubbled through the

viscous DNA solution to remove the ether.

The bubbling was continued

until no ether odor could be further detected.
Absorbance scans of the DNA solutions were then made in the
range of 310-230 mp, using the Beckman DB-G spectrophotometer.

A sharp

peak usually appeared in the 280 mpi region of the curve, at first taken
as an indication of the presence of protein in the solution since protein
gives a characteristic absorbance peak at this point (Dlahler and Cordes,
1966).

However, investigation proved the peak to be caused by residual

phenol, left in solution by the ether, rather than protein,

Dialysis of

the DNA solution overnight against saline (Bujard, 1967 and Josse and
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Eigner, 1966) removed the phenol, as indicated by the absence of any peak
in the 230 mp region of a subsequent scan of the material*

The final

absorbance scan also usually indicated that the solution was sufficiently
free of protein to warrant no further deproteinization steps.
In an effort to improve both the yield and purity of the DNA
extracted, extensive investigation was made of the hot-phenol DNA extrac
tion as described by Guthrie and Sinsheimer (1963).
cedure are not included here.

Details of this pro

Samples obtained by this method gave

acceptable results but usually indicated that further deproteinization
steps were necessary.

The freeing of protein from DNA was done

principally using phenol extraction.

Several general procedures call for

the use of a chloroform-isoamyl alcohol deproteinization ([Ylarmur and Doty,
1962) method, but Josse and Signer (1966) cite evidence that the heavy
agitation required for the effective action of this step has been shown
to cause shear degradation of DNA.

flassie and Zinn (1965) have shown

that gentle addition of phenol to lysates produces effective deprotein
ization in the absence of shear.

Removal of protein is usually necessary

in preparations involving DNA extractions from bacteria suspensions, due
to the huge protein to DNA ratio.

The DNA of bacteriophages, however,

makes up such a large percentage of the total particle that such a
separation may be made much more easily.

In view of this, Grossman’s

method of DNA extraction proved to be adequate and was used exclusively
in this study.
The bacteriophage DNA used in such tests as the determination of
the thermal denaturation point and the base ratio analysis by ion exchange
chromatography was in the aqueous solution as obtained from the Grossman
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phenol extraction method.

It was not precipitated out of solution with

cold ethanol due to the possibility of loss of DNA experienced by
further purification procedures.

The phage DNA used for the determination

of phosphorus content and degree of polymerization, however, was of
sufficient concentration to be so precipitated in this manner.

It was

dried and weighed before being put back into solution.

2.

Diphenylamine Test for DNA

To determine correctly the nature of the nucleic acid of phage
P3/2, Burton's modification of the Dische diphenylamine test for DNA
(Burton, 1956) was used.

The diphenylamine reagent was made by dissolve

ing 1.5 grams of steam-distilled diphenylamine in 100 ml of redistilled
glacial acetic acid and adding 1.5 ml of concentrated sulfuric acid.
This reagent was stored in the dark.

On the day it was used, 0,10 ml of

aqueous acetaldehyde (16 mg per ml) was added for each 20 ml of the re
agent required.
To one ml of the unknown solution containing the nucleic acid
(made up to volume with distilled water) two ml of diphenylamine reagent
were added and mixed thoroughly.

For standards, samples containing 15

and 30 pg of calf thymus DNA per ml were used.

Calf thymus DNA employed

throughout this study was prepared in the Biophysics Laboratory, Iowa State
University, Ames, Iowa.

Two ml of the diphenylamine reagent were added

to each of the standard tubes.
duplicate.

All samples and standards were run in

A blank was prepared by using one ml of distilled water and

two ml of reagent.
The tubes were heated in a 30°C water bath for 16-20 hours (over
night) ,

If any precipitate appeared, the tubes were centrifuged at a low
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speed, and the supernatant retained for reading,

The absorbances were

read in pyrex cuvettes in the Beckman DB-G spectrophotometer at 600 mp.
A standard curve was plotted using the absorbance values from the stand
ards, and the unknown values estimated by reference to this.

3.

Protein Determination

The procedure used for protein determination was a modification
of that described by Lowry, bJl al. (1951).
Analyzed Reagent grade.

All reagents were Baker

A stock solution of 2 percent sodium carbonate

(^2003) in 0.1 N NaOH was made and stored in the refrigerator,

To 50

ml of this reagent was added one ml of 0.5 percent CuS0^*5 H2O in 1 percent sodium tartrate, made on the day of the test.

The resultant mix-

ture was stable for one day only and discarded after this time.

The

phenol reagent, 1 N in acid, (Braun Chemical Company) was diluted one
part reagent to 1.06 parts distilled water for use.
the sample to be analyzed was added to a test tube, in a total
volume of 0.6 ml.

If possible, the sample was diluted so that it would

read in the range of 15 to 75 {jg of protein in 0.6 ml.

Bovine serum

albumin (BSA) (Armour Pharmaceutical Company) was employed as a standard.
with tubes containing 30, 60, and 120 pg BSA per 0.6 ml of distilled
water•

For a blank, 0.6 ml distilled water was used.

All samples and

standards were run in triplicate.
To each sample and standard tube, three ml of the CuS0^*5 f^O/
^200^ reagent mixture were added, mixed, and allowed to stand at room
temperature for ten minutes.

Then 0.3 ml of the phenol reagent was added

to each tube, which was immediately mixed vigorously with a mechanical
mixer•

I hers was a time interval of one minute between tubes to allow

le
for readings similarly spaced on the spectrophotometer so that all tubes
had equal time intervals from addition of phenol reagent to absorbance
reading.

The tubes were then incubated at room temperature for thirty

minutes.

The absorbance of each sample was read in the Beckman DB-G
A standard curve

spectrophotometer, using pyrex cuvettes, at 750 mp.

was plotted, using the BSA standard absorbance values.

from this, the

protein content of the unknown sample was estimated.

4.

Tests for the Configuration of P3/2 DIMA
a.

Formalin Denaturation Test

The method described here is similar to that described by
Sinsheimer (1959a).

Treatment of a single-stranded nucleic acid with

formalin over a period of time will cause a change in the ultraviolet
absorption spectrum of the sample.

It represents a reaction of the re

agent with free amino groups of purines and prymidines.

This reaction

is not observed for the double-stranded DNA because the amino groups
are protected by hydrogen bond linkage.

Therefore, treatment of a double-

stranded nucleic acid will exhibit essentially no change in the absorb
ance spectrum (Sinsheimer, 1959a).
Samples of whole phage particles and samples of extracted DNA
were subjected to treatment with formalin.

A sample dilution was chosen

which would give an absorption value at 260 mp of 0.5.

Formalin was then

added to the sample so that it contained a final concentration of 1.8
percent.

The treated sample was immediately scanned in the range of 310

to 230 mp with a Beckman DB-G recording spectrophotometer.
readings were made after 35 minutes and 18 hours.

Identical

At each spectrum record

ing, the chart was backed up, so that all three tracings were super-
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imposed for direct comparison,

Samples of P4/2 DNA (Roggenkamp, 1966),

calf thymus DMA, and PS/2 DNA were compared in this manner.

b.

Thermal Denaturation Test

The method used here was similar to that described by Sinsheimer
(1959b).

Upon thermal denaturation of double-stranded DNA (native

state), there is a disruption of the hydrogen bonds in the structure with
an accompanying increase in ultraviolet absorption.

The denaturation

usually occurs in the range of 80-95°C (fflarmur and Doty, 1962).

Temper

ature has very little influence upon the absorption of double-stranded
DNA in the temperature range of 25-70°C.

A single-stranded or denatured

strand of DNA will show a marked rise in absorption as the temperature
increases in this range.

This rise is probably due to rupture of random

molecular hydrogen bonds as a result of the thermal expansion of the
molecule (Sinsheimer, 1959b).

A double-stranded DNA molecule would be

subject to such reactions to a much lesser extent due to internal stabil
ity resulting from hydrogen bonding.
The DNA sample was diluted in 0.2 M NaCl.

The sample was read,

using a Beckman D3-G recording spectrophotometer, utilizing the 0.2 Pfl
NaCl as a blank.

While being heated, the absorbance of the sample was

continuously recorded at 260 my, with the chart speed set at 0.1 inch per
minute.
wide.

The DNA sample was placed into a jacketed quartz cuvette one cm
The cuvette was attached to a Haake thermal regulator (Haake

Cebruder, Berlin, Germany) which contained ethylene glycol as the cir
culating heating medium,

By means of the thermal regulator, the DNA

solution was slowly raised from 20°C to 90°C.

The absorbance was con

stantly recorded by the pen-chart for a permanent record.

Every ten
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degrees, the temperature increase was halted, and the system was allowed
to equilibrate.

The temperature was read by means of an electronic

thermometer, equipped with a probe which could be directly inserted into
the cuvette.

The temperature scale of the electronic thermometer was

calibrated by reference to the boiling points of Baker Analyzed isopropyl
alcohol (B2.3°C) and double-distilled water (100°C), corrected for baro
metric pressure.

The temperature readings from the electronic thermo

meter scale were then corrected by reference to a derived calibration
curve.

Absence of any change or increase in the absorbance value of the

heated DNA solution over the range of heating was taken as an indication
that the molecule was double-stranded.

5.

Determination of the Thermal Denaturation Temperature (Tm

Test)
The method used was that described by (Vlarmur and Doty (1962).
The solvent employed for the DNA was 0.15 M NaCl plus 0.015 M sodium
citrate, adjusted to pH 7.0 _+ 0.3.
or lx SSC.

It is referred to as saline-citrate

The DNA was diluted until it gave an absorbance value at

260 mju of approximately 0.5.
The DNA was placed in the jacketed one cm cuvette previously des
cribed, which was attached to the Haake thermal regulator.

Ethylene

glycol was necessary for use as the circulating heating medium because
the temperatures attained in this test exceeded 100°C, making the use
of water impossible for circulation purposes.

The cuvette was placed in

the Beckman DB-G spectrophotometer, using saline-citrate as a blank.
The absorbance of the sample (at 260 m|j) was constantly recorded by the
pen-chart at a speed of 0.1 inch per minute.
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The temperature of the sample in the jacketed cuvette was rapidly
raised to within five or ten degrees of the suspected thermal denaturation temperature, referred to as the Tm, and the system was allowed to
equilibrate at this point for several minutes.

An electronic thermo-

meter with a probe for extending into the DNA solution was used for
direct temperature observation.

After equilibration, the temperature

was raised one or two degrees at a time.
again allowed to come to equilibrium.

At each rise, the system was

A sharp increase in the absorbance

occurs in the transition range during which the DNA denatures.

When no

further increase occurs upon continued temperature rise, the denaturation
is assumed to be complete.
The absorbance at each temperature, corrected for differences in
thermometer readings, was divided by the value at 25°C or the apparent
base line established upon initial heating of the sample*

The resultant

ratio, called the relative absorbance, was then plotted versus the tem
perature of the solution.

The temperature corresponding to one-half the

maximal increase in the relative absorbance was designated as the Tm,
from the determined Tm, the percent of guanine-cytosine in the
DNA was estimated by inserting the derived value into the following
formula of Warmur and Doty (1962) corrected by an analysis of their data
in our laboratory.
Tm = 69.5 + 0.42 (G-C)
where:

Tm = thermal denaturation temperature in degrees C,
G-C = mole percentage of guanine and cytosine.
6.

Base Ratio Analysis by Ion Exchange Chromatography

The method of resin conversion and column preparation used was a
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modification of that utilized by McFeters (1963).

Dowex 1-X8, a strongly

basic anion exchange resin (Baker Analyzed Reagent) was obtained in the
chloride ion form and was converted to the acetate ionic form by the
following procedure,
All water used in preparing the resin was double-distilled, to
reduce the possibility of ionic interference from this source.

Several

grams of the Dowex 1-X8 in the chloride form was soaked overnight in a
beaker containing IN NaOH.

The NaOH was then decanted, and the resin

washed three times with distilled water.

An equal mixture of IN HC1 and

IN acetic acid was made, added to the washed resin in a beaker, and
allowed to sit for at least eight hours.
could have been extended to overnight.

This was a variable time and
The acid mixture was then de-

canted, and again the resin was washed three times with water.
The resin was then transferred to a container with 4 percent
sodium carbonate and allowed to react until all gas formation ceased.
The sodium carbonate solution was then decanted from the beaker, and the
resin placed in a chromatography column.

The column used here measured

1 cm by 40 cm and was convenient for rinsing purposes.

Additional 4

percent sodium carbonate solution was run through the material.

The

effluent from the column was periodically checked for the presence of
chloride ions by the drop-wise addition of a AgN03-HN0^ solution (AgN03
crystals dissolved in IN HNO^) by means of a pipette.

If a white pre

cipitate formed upon direct application of the AgNO^-HNO^ to the effluent,
the presence of Cl“ was indicated.
After no chloride ions were found in the effluent, the resin
was removed from the column, replaced in a beaker, and washed three
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times with distilled water.

Concentrated acetic acid (17.5 l\l) was added

to the beaker and allowed to remain for at least eight hours.

The acetic

acid was afterwards decanted, and three rinses of the resin with dis
tilled water were performed.
At this point, the resin was placed in the chromatography column
to be used.

The dimensions of the packed column were 3 mm in diameter

by 12 cm in length.

Approximately 300 ml of distilled water were run

through the column as a rinse, and then 4M acetic acid was added*

The

4M acid rinse was continued until the ultraviolet absorbance at a wave
length of 260 mp was less than 0.01.

After this stage was achieved, water

was run through the column to remove the 4W acetic acid,

Next, 20-30 ml

of 0.20 (Y1 NH^OH-NH^Ac buffer, pH 9.2, were run through to prepare the
resin for sample addition,

Each column was used only once to insure the

most reproducible results.
The enzymatic digestion of the DNA samples was done using
deoxyribonuclease (2x crystallized, Nutritional Biochemicals Corporation)
and venom phosphodiesterase (Russel’s viper venom, lyophilized, B grade,
Calbicchom)

(Sinsheimer and Koerner, 1951; Koerner and Sinsheimor,

1957; Sinsheimer, Nutter and Hopkins, 1955).

In addition to the degra

dation and ion exchange chromatography performed on P3/2, calf thymus
DNA, and solutions of commercially prepared mononucleotides (Nucleotide
Kit-Series ^4, Schwarz Bioresearch, Incorporated) were run for control
purposes.
Five mg of DNA were suspended in six ml of 0.5 M acetate buffer,
pH 6.5.

To this was added 0.4 ml of 0.3 M Mg acetate, and the mixture

was allowed to mix overnight in the cold using a magnetic stirer.

The
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next morning 0*6 ml of water containing 0*16 mg deoxyribonuclease per ml
was added.

The DNA solution was incubated in a 37°C water bath under

hexane for 18-20 hours*
After DNAase treatment, the absorbance of the sample at 260 mfj
was determined.
solution.

This was recorded as well as the volume in ml of the

Absorbance was multiplied by the volume to give a convenient

comparison unit called the AW.

The AVs of the sample were calculated at

this point for a later comparison of the degree of digestion of the
sample.
Twelve ml of 0.2 M NH^OH-NH^Ac buffer, pH 9.2, were next added.
Fifty units of the venom phosphodiesterase (Razzell and Khorana, 1959)
in 0.5 ml of the pH 9.2 buffer were added.
under hexane at 37°C for 72 hours.

The solution was incubated

After this incubation, the absorbance

at 250 m^j was again determined and the number of AWs calculated,

An in

crease in the AWs was sought, indicating an increase in the absorbance
value brought about by the digestion of the DNA molecule.

Phosphodiesterase

works by breaking the ester bond between the phosphate group of each end
mononucleotide and the #3 carbon of the adjacent deoxyribose, removing
from the polynucleotide chain a single 5’ mononucleotide (phosphate
group attached to the #5 carbon of the nucleotide sugar).
In order to be certain that the amount of enzyme and the time
of incubation were sufficient to break the DNA down completely to mono
nucleotides, calf thymus DNA was used in a trial experiment.

The

quantity of AWs put on the column was measured and the AWs eluted in the
various fractions was also measured and recorded.

Essentially complete

recovery of the AWs put on the column in the nucleoside and mononucleotide
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fractions indicated that there were no AVs left on the column in the
form of polynucleotides and that the enzymatic digestion process had
been complete.

A qualitative estimate of the enzyme activity was

available prior to adding the material to the column, in each instance,
by noting a significant increase in the AV readings before and after
digestion of the DNA by the enzymes.
The pH of the sample was then checked to be in the range of 8-9
after which the sample was slowly added to a previously prepared Dowex
After the sample had completely entered the resin, five ml

1-X8 column.

of water was used as a rinse.

The following elution pattern was

followed:
a)

Elute free bases and nucleosides with 0.11V1 NH^OH

b)

Elute dCMP*

with 0,06 M ammonium acetate buffer, pH 4.3

c)

Elute dTf'IP*

with 0.1

ffl ammonium acetate buffer, pH 4.3

d)

Elute dAMP*

with 0.2

ammonium acetate buffer, pH 4.3

e)

Elute dGrOP*

with 0.4

*dC!Y|P
dTMP
dAf'lP
dGsYIP

=
~
=
=

M ammonium acetate buffer, pH 4.3.

deoxyribocytidine monophosphate (Deoxycytidylic acid)
deoxyribothymidine monophosphate (Deoxythymidylie acid)
deoxyriboadenosine monophosphate (Deoxyadenylic acid)
deoxyriboguanosine monophosphate (Decxyguanylie acid)

For preparation of the acetate buffers, a solution of 0,4 M NH* acetate
and a solution of 0.4 M acetic acid were made and mixed in proportions
to give 3 pH of 4.3.

From this stock supply, the other buffers were

obtained by appropriate dilution.
A Misco spiral fraction collector was used with which samples
were collected on a timed basis, usually at one hour intervals.
Volumes varied from two to four ml, depending upon individual column
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packing and the time for collection®

Absorbances at 250 mfj for all the

samples were read, and cuvette and blank corrections applied.
of each sample was measured and the AVs determined for each.

The volume

Elution

buffers were changed when the AV level dropped to a constant plateau,
indicating that essentially all the previous material had been removed.
Absorbance scans from 310-230 mp were mads of selected samples for com
parison with curves for mononucleotides at pH 4,3 given by Sinsheimer
(1954) to identify the material being eluted.
A graph of the absorbance readings at 260 nyj of the samples
plotted against the tube numbers was made for peak location and quanti
tative comparison purposes.

The AV results for each mononucleotide eluted

were analyzed using the extinction values at pH 4,3 (Sinsheimer, 1954) to
provide a method of determining and comparing base ratios of the DMA,
7.

Phosphorus Test

The phosphorus determination of P3/2 DMA was performed in order
to estimate the purity or degree of polymerization of the extracted
sample.

The method used was that of Russell and Allen (1940) and Umbreit,

Burris, and Stauffer, (1959),
The glassware for the test was acid cleaned and rinsed thoroughly
with distilled water.

All tubes were run in duplicate.

All reagents

and dilutions were made using double distilled water to lessen the
chance of phosphorus ion interference from this source,
P3/2 DMA was extracted and spun out of solution, using the cold
phenol method and cold ethanol precipitation (Grossman, et^ aj^ 1961),
The DMA was dried in a desiccator and weighed using a Pettier analytical

28
balance.

Two mg of the dried material were redissolved in five ml of

distilled water.
Blanks were prepared by putting 0.5 ml water in micro~kjeldahl
tubes. A phosphorus standard solution was made up containing 20 jjg of
phosphorus per ml.

Two standards were set up, one containing 4 yug and

the other 8 ^jg of phosphorus.

The samples were diluted, if possible.

to read in the range of the standards.

The total volume in all the

tubes at this point was 0.5 ml.
To each tube was added a reagent grade boiling chip (laboratory
grade, Hengar Granules), which was chemically inert.

Two ml of GO per-

cent perchloric acid (Baker Analyzed Reagent) were also added to each
tube.

All the tubes were then transferred to a micro-kjeldahl heating

apparatus equipped with a vapor-collecting exhaust dome and boiled for
fifteen minutes, during which time practically all the white fuming
ceased coming from the tubes.

The liquid remained clear.

Mone of the

tubes was permitted to boil dry.
After boiling, the remaining liquid in the micro-kjeldahl tubes
was transferred to respective 10 ml volumetric flasks.

The boiling

chips were left in the digestion tubes, and the tubes were rinsed twice
with distilled water to remove any remaining sample material.
rinsings were added to the appropriate volumetric flasks.

The

Two ml of

5 percent ascorbic acid (Nutritional Biochemicals Corporation) were added
to each flask and mixed.

One ml of 2.5 percent ammonium molybdate

(Baker Analyzed Reagent) dissolved in 0.5 N H2SO4 was added to each flask
cind shaken vigorously on a mechanical shaker immediately upon addition of
the color reagent.

The formation of an irreversible blue-black color
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u/oulri have been an indication that the molybdate reagent had not been
mixed soon enough, negating the test.

The color reagent was added to

the flasks at one minute intervals to allow time for reading at the
spectophotometer later.

The total volume in each of the volumetric

flasks was brought to ten ml using distilled water.

Contents were mixed

The flasks were heated for 20 minutes in a 60°C water

by inversion.

bath, and absorbances then read at 800 mp in the Beckman DB-G spectrophotometer.

The amount of phosphorus in the unknown was determined by

reference to a standard curve derived by plotting the absorbances of the
standard values.
From the phosphorus content, the total amount of the DMA in the
sample could be determined.

Since the phosphorus content of a DNA sample

has been estimated to be 9.35 percent of the mass, the total DNA value
was determined by dividing the amount of determined phosphorus by 0.0935.
(Northrop, Nutter, and Sinsheimer, 1953).

The amount of DNA was also

estimated by means of the Dische diphenylamine test (Burton, 1956).

The

absorbance of the sample at 260 mp was read using the spectrophotometer.
The extinction to phosphorus value for the DNA was determined
by using the formula:
E(p) = A x 30,975_____
c' x 1 x 0.0935
(See Chargaff and Zamenhof, 1948 and Sinsheimer, 1954)
Where E(p) = extinction to phosphorus of the DNA,

and

A

= the absorbance of the DNA solution at 260 mp,

c

= the concentration of DNA in solution in jug/ml,

d

= the distance light travels through the sample in the

cuvette in cm.

By inserting the 30,975 (gram-atomic weight of phosphorus).
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one can daal with qm/liter rather than moles,

The f(p) value determined

for the P3/2 DNA was then compared with a calf thymus DMA control,
similarly treated, and known to be of good purity*

From this comparison.

one can estimate the purity or the degree of polymerization of the
sample.

RESULTS

ft.

Petermination of Growth-Stability Factors
1,

Initial P3/2 Growth Characteristics

Initial work on the growth of P3/2 was performed using Fraser’s
medium with nothing extra added to increase the stability of stored phage
suspensions,
1 x 10

g

The lysate titers obtained were in the range of 1 x 10

phage per ml.

8

This range appeared to be the maximum titer pro-

duced in a crude lysate when first titrated,

However, upon storage in

the cold (2 - 4°C)% the lysate titer declined rapidly.

One such sample,

grown only in plain Fraser’s medium and stored in the cold for several
days, gave the results graphically presented in Figure 2 (See Appendix,
Table 1).
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Figure 2

Stability of P3/2 in Fraser’s Medium
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These results indicated the lack of stability of P3/2 phage
titers under normal cold storage conditions.

The almost 100-fold drop

in titer in a matter of days presented a problem which had to be overcome.

In order to collect enough bacteriophage for DNA studies, the

optimal growth conditions that would yield the highest possible titers
of the phage and the conditions of storage which would maintain the phage
in a viable state for the longest period of time needed to be developed.
2.

Growth Using 1 Molar Salt Concentrations

Jawetz, Melnick, and Adelberg, (1966) cite evidence that one
molar concentrations of various salts added directly to a virus suspen
sion will stabilize many viruses under storage conditions.

P3/2 was

grown in Fraser's medium to which the following salts had been added in
one molar concentrations:
Analyzed Reagents).

KH2PO4, MgC^, MgSO^, and Na2S04 (Baker

The lysates were assayed three times over a period

of eighteen days to determine any changes in phage concentration in this
amount of time.

Titers are given as number of bacteriophage per ml.

(See Appendix, Table 2).
^2^4 -ave

Results are graphically presented in Figure 3.
combination of results with an acceptable

initial titer and the greatest stability with time,

Therefore, KH2PO4

was chosen as a medium supplement for further work.

3.

Growth Using Various Percentages of Phosphate Salts

To determine the most effective concentration of KH PO to add
2 4
to Fraser's medium for stability, growth experiments were performed in
which various percentages of the salt were added to the growth medium.
The pH was adjusted using 5 M NaOH, and P3/2 grown as previously described.
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French (1952) gave evidence that no phage adsorption took place to bac~
terial cells if the bacterial cells were suspended in a 5 percent salt
solution.

With this 5 percent value as a guide, a preliminary growth run

testing KH2PO4 percentages at 3 percent, 5 percent, 7 percent and 9 per
cent (w/v) indicated that 5 percent Kh^PO^ would give the highest titers.
To insure optimal results, tubes with 1 percent, 2 percent, 3 percent,
4 percent, and 5 percent Kh^PO^ were made, and P3/2 was grown in these.
Assays over a period of time were made to determine stability, and the
results are presented in Figure 4.

(See Appendix, Table 3).
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H = 4yo KH2P0^
KH9P04

Figure 4. Stability of P3/2 Grown in Fraser's
Medium Utilizing Various Percentages of KH2PO4
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These results indicated that the 5 percent KH2PO4 in Fraser's
Medium gave reproducible high titer production.

In working with this lev/el

of salt concentration, it was also found that best results could be
obtained by adding the salt approximately one hour after phage inoculation
of the bacteria.

Higher titers also resulted when lower concentrations

of SP2-R were used for inoculation.

The optimum range of bacterial con-

centration for phage infection was 2-4 x 10 8 bacteria per ml.

The opti

mum length of inoculation for growth proved to be five hours.

4.

Growth of P3/2 Utilizing Ethylenediaminetetraacetate (EDTA)

In addition to the utilization of K^PO^ as a growth aid and
storage stabilizing factor, the use of ethylenediaminetetraacetate (EDTA)
was suggested (W. 3elser, University of California, Riverside) as an
additional or alternate material for achieving stable storage conditions.
EDTA is known to be a chelating agent, a chemical which forms undis
sociated complexes with metal ions.

It may act by forming such a com

plex with some cation bound to the phage particle (Adams, 1959), thereby
allowing the particle to become infective or it most probably prevents
adsorption of phage to debris and the ejection of phage DNA.

The titer

could be increased by either method.
Tubes containing Fraser's medium with 5 percent KH^PO^ were used
to grow P3/2.

Into each of three tubes was introduced a different cen

centration of EDTA.

The tubes contained final concentrations of 10 mg

EDTA per ml, 1,0 mg EDTA per ml, and 0.1 mg EDTA per ml.

A tube of

Fraser's medium plus 5 percent KH^PO^ was run as a control comparison.
Table 2 shows the tube containing 1.0 mg per ml to have produced the
highest titer.

The use of EDTA at a final concentration of 1 mg/ml was
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therefore incorporated into the normal P3/2 growth procedure*

Table 2
P3/2 Growth Utilizing Varing Concentrations of EDTA

Titer (Phage/ml)

Sample
Control (Fraser's + 5% KF^PG^)
10 mg EDTA per ml
1,0 mg EDTA per ml
0*1 mg EDTA per ml

3*9
4,4
1*3
4.6

x
x
x
x

8
10
10 8
109
10 8

Titers achieved in using a combination of KF^PO^ and EDTA as
growth-stabilizing factors became reproducible and remained stable over
a period of weeks.

EDTA was added from one to two hours after phage

inoculation for best results.

The length of time for incubation was

increased from five to seven hours, introducing titer increases*
The question arose as to whether the stability exhibited by the
phage suspensions over a period of time was due to the combined action
of the KF^PO^ and EDTA, or whether the EDTA alone was capable of pro
ducing the effect.

A test to determine this indicated that EDTA alone

could be used to obtain the same degree of stability as the combination
of materials.

Although KH^PO^ imparted a slight degree of stability to

a phage suspension, the latter did experience a decline in titer over a
period of time.

This is shown by Figure 4.

In comparison, a sample cf P3/2 in EDTA over a period of almost
eight months maintained a titer which experienced a constant titer
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(4.6 x IQ-®-2 phage per ml down to 4.0 x 10^ phage per ml).

This greater

stability imparted by EDTA indicated that the use of EDTA was desirable
and became part of the regular bacteriophage growth and storage procedure.
The presence of the KH^PO^ with the EDTA did not increase the titers nor
better the storage properties and, therefore, was discontinued in favor
of the EDTA alone.
B.

Concentration and Purification of P3/2
1.

Differential Centrifugation Concentration

Crude lysates of P3/2 were subjected to a differential centrifugation procedure for purification.

After an initial low speed centri

fugation (5900 x g) to sediment out bacterial debris, essentially all
the phage was found in the supernatant.

The sedimented buttons retained

from 1 percent to 4 percent of the phage in the original lysate, indi
cating that a 96 percent to 99 percent portion was left in the supernatant.
The low speed centrifugation supernatant was then subjected to a high
speed centrifugation (59,000 x g) to settle the suspended phage into
buttons.

The supernatant from the second sedimentation usually contained

from 15 percent to 40 percent of the original assay.
The buttons resulting from the high speed centrifugation were
reconstituted in phage buffer containing 1 mg EDTA per ml and contained
approximately 50-70 percent of the phage from the original lysate.
Another low speed centrifugation (5900 x g) further purified this fraction.
leaving 50-65 percent of the total phage in the final supernatant

Re

covery figures from all the fractions of this process gave results in a
range from 80 percent to virtually 100 percent.

Table 3 presents a
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sample yield derived from differential centrifugation.

The titers given

for the various fractions constitute average values obtained by this
technique.

The percentage of phage unaccounted for in some runs is

probably accounted for by phage remaining in centrifugation tubes, in~
dicating incomplete reconstitution or inadequate rinsing of these
vessels.

Table 3
Comparison of Phage Recovery in Differential
Centrifugation Fractions

Sample

Crude Lysate
Fraction
Low Speed
CentrifugationButton
High Speed Supernatant
High Speed Button
a) #2 Low Speed
CentrifugationButton
b) #2 Low Speed
CentrifugationSupernatant

Volume
(ml)

3.3 x 109

2000

6.6 x 10

3.7 x 109
5.4 x 108

50
2000

1.9 x 10 11
1.1 x 1012

2.9
16.7

5.8 x 1010

10

5.8 x 1011

8.6

4.2 x 1011

10

4.2 x 1012

63.6

Total
Phage

Actual Recovery

2.

Percent
Recovery
of total
Phage

Titer
(per ml)

12

91.8

Density Gradient Purification and Density Determination

Recovery of P3/2 using density gradient purification varied accordinq to the material utilized to form the gradients.

Cesium chloride
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inactivated the temperate phage, giving viability recoveries of less
than 1 percent*

The material selected for phage purification by density

gradient centrifugation was potassium tartrate, in which wild type P3/2
survival was approximately 50-75 percent*

Aliquots of a phage prepar

ation were added to respective tubes containing a 30 percent cesium
chloride solution and a 60 percent potassium tartrate solution and well
mixed.

Initial titers were determined, as well as titers after 18 hours,

which was the length of time required for a gradient centrifugation*

A

control consisted of a dilution of the phage sample in buffer, which was
subjected to identical storage conditions*

Between assays, the tubes

were stored in the cold (2-40C), the density gradient centrifugation
temperature.
The density of P3/2 as determined by two runs using cesium
chloride was calculated as 1.420*
1.26.

The density in potassium tartrate was

The density of the P3/2 virulent mutant was 1*476 in cesium

chloride.
The virulent mutant experienced survival rates approaching 25
percent in cesium chloride and essentially 100 percent in potassium
tartrate.
C*

Tests on P3/2 DNA
The initial work performed in this study was done using the wild

type phage P3/2•

Once the optimal growth and stabilization conditions

were determined, the use of the virulent mutant was initiated, due to
its ability to produce higher lysate titers.

The analyses reported in

this section represents work that was performed using the virulent mutant,
termed P3/2vir.
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1.

P3/2 DNA and Protein Determinations

Analyses performed using the diphenylamine method (Burton, 1956)
on the P3/2 nucleic acid indicated it to be DNA*

Attempts were then

made to determine the amount of DNA per plaque forming unit (pfu) by
means of the same test.

Results of the diphenylamine test presented in

Table 4 shows that two wild type phage preparations, from separate growth
runs and purified only by differential centrifugation, yielded reproducible DNA determinations over a period of weeks.

The actual calcula-

tion of the amount of DNA per pfu, however, was impossible due to the
accompanying increase of the sample titers during the identical period
of time in which the Dische results were obtained.
presented in Table 4.

This result is also

The increase in titer is thought to have been

brought about by the dissociation of clumps of bacteriophage into in
dividual particles under storage conditions.

An approximate amount of

DNA per pfu was determined for the data presented in Table 4 by using an
average figure for the amount of DNA per mi and the last and highest
titer reported for the phage suspension.

The maximum value for sample

#1 would be 1.70 x 10 -16 gm DNA per pfu and for sample //2, 1.84 x 10 -16 gm
DNA per pfu.

These are stressed as maximum figures since further assays

might show an increase in titer over an extended length of time, thereby
lessening the amount of DNA per pfu.

In addition, these samples had

received no deoxyribonuclease treatment to eliminate the possibility of
extraneous bacterial DNA being included in the figures.

41
Table 4
P3/2 DNA Determinations

T ime
(Days)
1
9
17
36
Ave.

Sample jfl DNA
(x 10-6 gm/ml)
142
140
147
147
144

Sample #2 DNA
(x 10**^ gm/ml)

T iter

3 x 1011

e.s x

io11

13
14
16
14
14

Titer

1.3 x 10

10

4.7 x 1010
7.6 x 1010

Phage P3/2v^r was subjected to density gradient purification,
yielding three bands.

The middle band yielded the greatest concentration

of viable phage, but electron microscopy indicated it to be contaminated
by a great deal of extraneous material, particularly flagella.

The

bottom band, containing the next greatest amount of viable phage, appeared
to be the purest as far as presence of flagella was concerned and was
used to try and determine more accurate DNA per pfu values.

These

samples were subjected to a DNAase treatment (0.005 M Mg++, 2 pg DNAase,
amorphous) to prevent inclusion of any bacterial DNA possibly present.
Results from two determinations yielded values of 1.19 x 10*“^gm DNA per
pfu and 5.7 x 10 -17 gm DNA per pfu.

For comparison, P4/2, a phage whose

head is similar in size to that of P3/2 vir , was found to contain about
8 x 10■,’l', gm DNA per pfu (Roggenkamp, 1966).

The two values for the

amount of DNA per P3/2v^r particle do not compare closely with one
another.

This was felt to be due, for the most part, to the constant

increase in titers of the phage preparations tested,

It was considered

unwise, therefore, to select a DNA value per pfu for P3/2v*r, and the
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range of determinations obtained are presented for future comparisons*
Results of the protein tests by the Lowry method (1951) were
also inconclusive.

This again was due in part to the increasing titer

and to the presence of impurities, such as flagella seen by electron
microscopy, in the best density gradient preparations*

2.

Tests for P3/2 DNA Configuration
a.

Formalin Denaturation Test

Tests were run on entire P3/2v*r phage particles, P3/2 vir DNA,
and P4/2 DNA, a known double-stranded nucleic acid, as a control
(Roggenkamp, 1966).

The absorption spectrum from 310 mp to 230 mp was

run, recorded by the Beckman DB-G spectrophotometer.

Spectrum curves

were recorded at time zero (when the formalin was first mixed with the
phage), 36 minutes, and 18 hours later.

All three absorption curves were

superimposed on the chart for direct comparison, and all followed
essentially the same path.
samples run*

Similar results were obtained from all the

Sinsheimer (1959a) used this test to verify the single-

stranded character of 0’X-174 bacteriophage DNA.

Since the P3/2 vir

samples appeared to show no reaction to the formaldehyde, it was assumed
that the amino groups were protected by the hydrogen bond linkage,

The

results indicated that P3/2v^r DNA was double-stranded.
b.

Thermal Denaturation Test

P3/2v^r DNA samples were heated from 20°C to 90°C.

Results of

several test runs showed no detectable change in the absorbance at 260
mp.

Sinsheimer (1959b) used this test as a verification of the single-

stranded nature of ^X-ITA bacteriophage DNA.

These results also indicated

that P3/2v^r DNA was of a double-stranded nature.
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3,

Thermal Denaturation Temperature Determination (Tm test)

When P3/2 vir DNA in solution was heated, a sharp increase in
absorbance occurred at the temperature where the transition from native
double-stranded DNA to the denatured state takes place.
Several P3/2 vir DNA samples were subjected to the test conditions
as described by (Ylarmur and Doty (1962),

In the initial experiments, Tm

determinations were impossible to calculate due to the absence of the
expected second temperature plateau, denoting complete denaturation.
This would be indicated by a leveling off of the recorded absorbance at
260 mp following the increases in the vicinity of the denaturation
temperature.

It was found that the cuvette temperature needed to be

raised over 100°C, resulting in the evaporation of the solution.

This

evaporation brought about an increasing concentration of the DNA in the
remaining solute, thereby resulting in the increased absorbance and the
prevention of any plateau.

This result was taken as an indication that

the Tm value for the P3/2 vir DNA must be near 100°C,

The problem, how

ever, was traced to residual phenol, left as a result of the DNA
extraction procedure.

After dialysis against saline to reduce the

phenol to a negligible level DNA samples yielded accurate Tm values.
Results of several determinations for P3/2v^r DNA are presented in
Table 5,
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Table 5
Summary of Tm Values and G-C Mole Percent
Derived for Bacteriophage P3/2v^r

P3/2 DNA
G-C

Tm
C
C
C
C

51.9
53.6
53.6
52.8

Ave. 91.8 C

53.0

1)
2)
3)
4)

91.3
92.0
92.0
91.7

It was necessary for the protein content of the solution to be
less than 0.5 percent for accurate Tm determinations.

Estimations of the

protein present by means of the Lowry method indicated that the protein
present was insignificant.

The Tm, the temperature corresponding to the

midpoint of the absorbance rise brought about by the heating of the
sample is linearly related to the G-C content of the DNA (f'larmur and
Doty, 1959).

A higher G-C content tends to confer a higher thermal

stability.
A sample thermal denaturation curve for relative absorbance is
shown in Figure 5 (see Appendix, Table 4).

The calculation for the G-C

content from this curve is:
1.150
1.000
2.150 / 2 = 1.075—midpoint of the absorbance rise
Tm = 92,0°C
G-C = Im - 69.5 = 92.0 - 69.5 = 53c6 percent
0.42
0.42
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Figure 5. Thermal Denaturation Test
Relative Absorbance Curve

4.

Base-Ratio Analysis by Ion exchange Chromatography

In order to determine the percent recoveries of the individual
eluted deoxyribomononucleotides for possible use as correction factors.
a mixture of four commercially prepared deoxyribomononucleotides was
made.

The AV values for all four deoxyribomononucleotides in solution

were combined to determine the exact amount of material that was added
to the ion exchange column.

This figure was later used as a comparison

of the total percent recovery of the added solution, based on the total
Ms eluted.

The percent recovery of each eluted deoxyribomononucleotide

was then calculated by comparing the total AVs eluted with those added
initially.

Results are presented in Table 6.
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Tsble 6
Percent Recovery of Commercially Prepared Deoxyribomononucleotides
by Ion Exchange Chromatography

AVs on

Sample

Deoxyribomononucleotide
Percent
Recovery

AVs off

Free Bases,
fflononucleosides

2*35

dCMP*
dTIYIP*
dAWP*
dG(V)P*

16.24
8.30
21.50
30.00

12®66
10.53
19.63
28.20

Totals

75.24

73.37

78 o0%
127.0^
91.3^
94,0'^

Total Percent Recovery = 73.37/75.24 = 97.5 percent
*See page 26.

The dCMP recovery overlapped the initial elution of the dTMP
fraction, resulting in the observed recoveries.

The dAHP and dGMP,

however, gave plausible results since each achieved over 90 percent
recovery of the initially added material.

Since P3/2v^r DNA is double-

stranded, the mole relationship of G=C, A=T is expected here.

The

recovery figures for the last two samples then were later applied to
dCMP and dTMP, if necessary.
Throughout this study, individual samples of eluted material in
each deoxyribomononucleotide section were selected and subjected to a
scan of U\l absorbance from 310-230 m/j.

The curves from these samples

were compared with curves of mononucleotides in pH 4.3 acetate buffer as
given by Sinsheimer (1954) to identify the sample eluted.

Each curve
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was found to be comparable to one given in Sinsheimer's paper, with the
peaks of the various curves as follows:

riCMP—276 m/j; dTMP—268 m/j;

dAMP—260 m/j; and dGfflP—254 m/j.
For control purposes, a calf thymus DNA sample was subjected to
enzymatic degradation with snake venom phosphodiesterase and deoxyribomononucleotide separation by ion exchange chromatography.

Prior to this

treatment, the amount of DIMA in a solution was estimated by the method
of Spirin (1958, as quoted in Bresler, Kiselev, Manjakov, Mosevitsky, and
Timkovsky, 1967) to calculate the amount of materials needed for the
degradation.

Results are presented in Table 5 (see Appendix) and

absorption curves at 260 mju shown in Figure 6.
There were 123,8 AVs added to the column and 117,9 AVs collected,
making a total percent recovery of 95,4.

The relative mole figure for

each mononucleotide was obtained by dividing the AVs from the column by
the F value (Sinsheimer, 1953), a measure of the absorbancy of the mono
nucleotide at 260 mju in pH 4.3 ammonium acetate-acetic acid buffer.

The

molar percentages derived for the calf thymus sample compared favorably
with the expected G-C:A-T percent ratio (21:29),
Two samples of P3/2v^r DIMA containing approximately 5 - 6 mg DIMA
in five mis distilled water were subjected to deoxyribomononucleotide
degradation by the DNAase and snake venom phosphodiesterase treatment.
and the solutions were added to ion exchange columns.

The samples were

collected, the absorbance at 260 mp and the volumes were read, and the
AV values determined.

The results are given in Table 6 (Appendix).
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The recoveries of the various fractions for the two samples of
P3/2 DNA are illustrated in Figures 7 and 8.

The calf thymus DNA sample

which had been precipitated out of solution and dried was highly poly
merized and was separated into mononucleotide units very efficiently.
The P3/2v^r DNA, however, was not so precipitated, due to the chance of
j

the loss of DNA when these procedures are employed.

There is a high pro-

bability that some free bases and nucleosides were in solution due to
the DNA extraction procedure and prior to the enzymatic degradation
process.

This could account, in part, for the high percentage of total

AVs collected and identified as bases and nucleosides.
The P3/2 vir DNA results were adjusted, based on the corrected
values of the mononucleotide recoveries from the commercially prepared
deoxyribomononucleotide column separation.

The corrections are shown in

Table 7 and were calculated by dividing the apparent AW value obtained
for each mononucleotide by the percent recoveries of the corresponding
nucleotide as shown in Table 6.

Table 7
Corrected AW Walues of Eluted Mononucleotides from P3/2 DNA

Column I
Column II

dCMP

dTMP

dAMP

dCMP

18.1
20.7

11.3
14.5

17.9
27.7

17.3
28.4

After the corrections were applied, a method was needed to
determine molar ratios for base analysis.

Each of the mononucleotides
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present a differently shaped curve when scanned from 310-230 rryj, peaking
in a different region (Sinsheimer, 1954),

By reading the absorbance

values at one wave length (260 m/j), the different mononucleotide values
were made comparable by dividing the AVs obtained by elution by the E
value as in Tables 5 and 6 (Appendix) of that mononucleotide at 260 m/J
These calculations were performed, and the resultant molar ratios are
presented in Table 8.

Table 8
P3/2V^1' Mononucleotide Molar Ratios

Mononucleotide

Column I

Column II

dCMP
dTMP
dAMP
dGMP

2.47
1 *23
1*18
1.35

2.84
1.59
1.81
2.22

for dCMP, scans from 310-230 mjj of selected samples gave evidence
of a characteristic two-humped guanine curve, indicating the presence of
what was probably Guanine deoxyribonucleoside.

Removal of this along

with the dCMP probably accounts for the higher AV values obtained and
the higher molar percentage.

the dCMP values were not included in any

base ratio analysis due to this, but the dCMP figure was substituted for
it.

The results in Table 9 were calculated by two methods.
In method I, figures obtained by using the recovery correction

values from the commercially prepared mononucleotide run were used
(Table 7).

The dCMP values were ignored, and calculations obtained by
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using the dTMP, dAWP, and dCf>1P molar ratios.

The dCMP molar percent was
In method II,

equated to that of dGT'lP since P3/2 DNA is double-stranded.
corrections were not made for the A\/ values as in method I,
percent figures shown in Table 8 were utilized.

The molar

In this method, both

the dCf'IP and the dTf'lP molar percent values obtained from the column were
ignored, and eauated to dGMP and dAflP respectively.

Results are shown

in Table 9,

Table 9
Base Ratio Analysis of P3/2 vir DMA
Methods of Calculation

METHOD I
Column I

G+C = 2.7
A+T
2.41

5.11

G-i-C _ 4,44
A+T “ 7.84

4,44 _ 56.6/o G-C
7.84

Column I

G+C = 2.56
A+T
2.14

2.56 .. 54.4% G-C
4.70

Column II

G+C _ 4.16
A+T
3.30

4.16 „ 55.7% G-C
7.46

Column II

2,7

_ 52,8^ G-C

Average G-C Percent s-- 54.77S

METHOD II

Average G-C Percent = 55.1%

Comparison of the guanine-cytosine molar ratio values obtained
by ion exchange chromatography methods and by thermal denaturation
temperature (Ten test) determination are shown in Table 10.
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Table 10
G-C Base Ratio Comparisons of P3/?v^r DMA

C-C Molar Ratio (Percent)

Test
1.

Tm test

53,0/b

2,

Ion Exchange Chromatography
Method I
Method II

54,7%
55,1%

5,

Phosphorus Determination

The phosphorus determination of P3/2 vir DNA was performed in
order to determine accurately the amount of DMA in a solution in order
to estimate the degree of polymerization and the purity of the sample#
The standard used was high quality calf thymus DNA, known to have c high
degree of polymerization#
11*

Results of these tests are presented in Table

The extinction to phosphorus valuo for P3/2vir DNA is comparable to

that of the calf thymus standard, indicating that the viral DNA is highly
polymerized*

DNA which is not highly polymerized has E (p) values in

the 8,000 to 9,000 range#
Table 11
Phosphorus Determinations
DNA
Sample
Calf Thymus

P3/2 - #1
P3/2 - if2

Phosphorus
(mcg/ml)

Absorbance
(260 mp)

E (p) value
Calculated

36.0
14.6
14.4

7,35
2.85
2.90

6130
5930
6200

DISCUSSION

It is understandable that the majority of the bacteriophage
work reported in the literature has been done with phages which are
stable and relatively easy to work with.

Stent (1963) cites an example

in which phage S13 proved to be difficult to work with, whereas a
similar phage, 0X-174, had the advantage of being more stable and hence
more easily obtained in pure form.

It was chosen, therefore, for

characterization studies in place of S13«

Boyd worked with no

Salmonella phages other than those in the A group, because the phages
in the other groups were unstable and difficult to work with.
personal communication)•

(Bullas-

As a result, little work has been reported on

Salmonella phages of groups other than A.
Early work with the bacteriophage P3/2 yielded low lysate titers
which exhibited poor stability in cold storage.

Such conditions made

biochemical analyses of the phage properties virtually impossible*

The

ability to perform biochemical analyses upon phage P3/2 was greatly en
hanced by increasing the stability of the phage by the use of EDIA.
Once the problems concerning production of higher lysate titers and
subsequent maintenance of these in storage were overcome, the accumu
lation of the quantities of P3/2 necessary for the work involving study
of the phage DNA became possible.
P3/2 adapted well to purification by differential centrifugation*
The recovery figures for the various fractions of such centrifugation pro
cedures accounted for 80-100 percent of the total phage available, with
the final purified supernatant suspension containing from 50-65 percent
of the total*

It was then possible to grow large quantities (up to 24
55
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liter amounts) of phage and concentrate, into a small volume, the amount
of phage necessary for such work as DNA extraction*

The titers of these

suspensions, stored in the cold in phage buffer containing fDTA, remained
stable for several months*
The wild type phage P3/2 differed significantly from the virulent
mutant in its survival to different density gradient materials*

The

virulent mutant appeared to be a much more stable phage, with a survival
rate approaching 25 percent in cesium chloride*
survived at a rate of less than one percent*

The wild type P3/2

A notable difference is

indicated in the results of density determinations of the two phages*
The density in cesium chloride of the virulent mutant of P3/2 was calcu
lated to be 1*476 while that of the wild type phage was 1*42*

The higher

density shown by the mutant could be an indication of some structural
modifications, resulting in a more stable phage particle.
An electron micrograph of P3/2v^r purified by cesium chloride
density gradient centrifugation is shown in the Frontispiece*

Whereas a

few of the phage particles are shown which have destructive modifications
of the whole phage, the majority of phage are whole with full heads and
extended tail sheaths*

Contrasted with this is the fact that electron

micrographs of the wild P3/2 purified by moans of potassium tartrate
density gradient centrifugation revealed exclusively phage particles with
full heads but with contracted tail sheaths*
Attempts to determine the amount of DNA in a phage suspension were
quite successful*

The original objective of such a calculation was to

determine the amount of DNA per plaque forming unit*

An accurate deter

mination of the titer of the suspension is necessary for this*

While
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the DMA determinations for P3/2 samples mere reproducible over a period
of several weeks, the titer calculations were not*

Assays of the same

suspension were generally made at one week intervals, and each new
determination would generally show an increase ever the previous wea^s
titer

The titer increase was thought to be brought about by the dis~

sociation of clumps of bacteriophage into individual particles while
under storage conditions,

It proved, therefore, to be impossible to

calculate accurately an exact amount of DMA per pfu for P3/2e
The determination of the amount of protein per pfu was similarly
affected by the increasing titer.

This test was further complicated by

the presence of extraneous protein substances, such as flagella, in the
samples,

flagella were identified in electron microscope studies of the

purest phage suspensions prepared by density gradient centrifugations.
As a result, such determinations were also inconclusive.
Base analysis of the P3/2 DNA was done by the enzymatic degrada
tion and ion exchange separation of the mononucleotides method for two
This procedure made possible the use of much smaller amounts

reasons.

of DNA than did the two-dimensional paper chromatography method.

Also,

the idea cf the use of radioactively-labeled mononucleotides was con
sidered for use as a measuring device to detect eluted fractions.

It was

later discovered that sufficient quantities of phage DNA could be obtained
from growth and purification of large batches of phage so that ion ex
change separation of the mononucleotides could be performed on unlabeled
material.
Marrnur and Doty (1959) have shown that the base composition of
DNA is related to its thermal denaturation temperature.

They have
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determined a method for deriving a guanine-cytosine mole percent value
for a DNA sample from its Tm,

A higher G-C content tends to confer a

higher thermal stability upon the sample*

An interesting relationship

exists in the guanine-cytosine molar ratios determined for the two
Salmonella phages, P3/2 and P4/2, and the host bacteria*

The Salmonella

G-C mole percent has been reported to be 50 percent (lYlarmur and Doty,
1962)*

The P4/2 DNA has a G-C content of 44*8 percent (determined in

this laboratory by the Tm method) to 46*3 percent (Roggenkamp, 1966)
while that of the P3/2 DNA reported here contains 53-55 percent*

F rom

this information, it can be seen that the G-C content of one of the type
A phages (P4/2) is less than that of the host cell by approximately 5
percent•

On the other hand, the type B phage (P3/2) possesses a G-C

content about 4-5 percent greater than that of the Salmonella host.
If, as it has been suggested, the DNA of the temperate bacterio
phages shows a high degree of homology with that of the host cell
(Sinsheimer, 1960), there must be regions in the Salmonella host cell
DNA which are richer in the G-C content and other areas which are richer
in the A-T content even though it appears that the bacterial DNA possesses
an over-all even distribution of bases.

The phage, therefore, would

probably attach in its particular respective area, indicating that the
site for the P3 prophage in the lysogenic bacteria must be different
than that of P4,

Such work will need to be done, utilizing genetic

studies to dstermine this exactly*

SIM ARY

Addition of KH2P0A salts to the growth medium produced higher
titers of P3/2, but it failed to maintain stable titers under normal
cold storage conditions*

In contrast, the addition of ethylenedia-

minetetraacetate (EDTA) to the medium also produced high titers and
helped to maintain, phage viability indefinitely in storage,

This pro-

vided for the accumulation of the necessary amounts of P3/2 for DMA
studies.
The P3/2 phage adapted well to purification by the differential
centrifugation technique.

from 50-60 percent of the phage in a sus-

pension could be concentrated by this method with the aid of density
gradient centrifugation.
potassium tartrate.

P3/2 maintained the best viability in

P3/2 was calculated to have a density of l,f26 in

potassium tartrate and 1.42 in cesium chloride.

The virulent mutant o*'

P3/2, P3/2 vir , had a density of 1.476 in cesium chloride*
P3/2v^r was employed in experiments on DNA characteristics.:
DMA estimations were reproducible over a period of time for a single
phage preparation, but the titer increased.
determination impractical.

This made a DNA per pfu

Calculations of protein per pfu were like

wise inconclusive.
The average extinction to phosphorus value for two preparations
of P3/2 vir was found to be 6055 which is comparable to the 6130 value
for the highly polymerized calf thymus DNA.
Formalin denaturation and heat denaturation tests indicated that
the P3/2 vir DNA was double-stranded.
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The Tm, the thermal denaturation temperature, u/as determined to
be 91.8°C.

From the Tm value, the G-C content of the DNA was calculated

to be 53*0 percent.
By means of deoxyribonuclease and snake venom phosphodiesterase
enzyme degradation and mononucleotide separation by ion-exchange chromatography, the following molar ratios for the P3/2 vir DNA were determined:
G-C 54.7-55.1 percent; A-T 44.9-45.3 percent.
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ABSTRACT

Addition of KH^PO^ salts to Fraser’s Medium produced higher
titers of Salmonella ootsdam bacteriophaga P3/2, but it failed to main
tain stable titers under normal cold storage conditions*

The addition of

ethylenediaminetetraacetate (EDTA) to the medium also produced high titers
and helped to maintain phage viability indefinitely in storage

The

presence of KH^PO^ with the EDTA did not increase the titers nor better
the storage properties and was discontinued in favor of EDTA alone*

This

provided for the accumulation of the necessary amounts cf P3/2 for DMA
studies.
The phage PS/2 adapted well to purification by the differential
centrifugation technique*

From 50-60 percent of the phage in a suspsn-

sion can be concentrated by this method*

In density gradient centri~

fugatiorij, phage P3/2 maintained the most optimum viability in potassium
tartrate•

In potassium tartrate, P3/2 was calculated to have a density

of 1.26 and a density of 1*42 in cesium chloride*

The virulent mutant.

P3/2 vir , had a density of 1*476 in cesium chloride.
Phage P3/2 vir was employed in experiments on DNA characterization*

DMA estimations by the Dische method were reproducible over a period of
time for a single phage preparation, but the titer increased upon
initial storage in the cold.
impractical.

This made a DNA per pfu determination

Calculations of protein per pfu, employing the Lowry

technique, were likewise inconclusive due to the titer increase and the
presence of extraneous protein material in the purest density gradient
preparations•
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Ths average extinction to phosphorus value for two preparations
of P3/2ovir DNA was found to be 6065 which is comparable to the 6130
value for the highly polymerized calf thymus DNA,
Formalin denaturation and heat denaturation tests indicated that
the P3/2 vir DNA was double-stranded.
The Tm, the thermal denaturation temperature of P3/2v^-r DNA, was
determined to be 91.8°C.

From the Tm value, the G-C content of the DNA

was calculated to be 53,0 percent.
By means of deoxyribonuclease and snake venom phosphodiesterase
enzyme degradation and mononucleotide separation by ion-exchange
chromatrography, the following molar ratios for the P3/2vir DNA were
determined:

G-C 54,7-55,1 percent; A-T 44,9-45,3 percent.

APPENDIX

Table 1
P3/2 Growth in Fraser's Medium

Titer

Days
1.6
1.6
7.2
1.2

0
6
8
28

x
x
x
x

109
109
108
ID7

Table 2
P3/2 Grown in Fraser's Medium Plus 1 M Salt Concentrations

Salt
KH9P0a
MgCl2
MgS04
Na?S04

10 Days

0 Day
2.9
1.0
1.2
1.5

x
x
x
x

10 8
107
109
10 8

18 Days

4.6 x 10 8

5.4 x 109

8.8 x 10 8
4.1 x 107

4.7 x 10 8
1.3 x 107
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Table 3
P3/2 Growth in Fraser's Medium Utilizing
Various Percentages of KH2PO4

Titers*

Sample
0 Day

kh2po4
T.% KH2P04
3/£ kh2po4
4^ KH2P04
5f^ KH2P04

8.5
4.6
4.3
4.2
1.3

x
x
x
x
x

10 8
8
10
10 8
109
1010

5 Days
8.0
3.6
1.9
6.7
5.1

x
x
x
x
x

8
10
10 8
10 8
108
109

♦Titers given as number of phage/ml suspension.

9 Days
8.3
3.5
5.9
1.6
3.7

x
x
x
x
x

10 *7*
10^
107
10 8
109

55 Days
6.0
1.4
1.2
5.1
3.5

x
x
x
x
x

105
107
ID7
107
10 8

70

Table 4
Determination of Tm Value of P3/2 vir DMA

Temperature
Read (C)

35
50
75
79
82
84
86
88
90
91
92
93
93.5
95
96
96.5
97
97.5

Temperature
Corrected (C)

35
50
75
79
81
83.2
85 c 5
87.7
90.0
91.1
92.2
93.4
93.9
95.6
96.8
97.3
97.9
98.4

(260 rrp)

Relative
Absorbance

.520
.520
.530
.530
.530
.530
.532
.540
*550
.555
.570
.680
.595
.605
.610
.610
.610
.610

1.000
1.000
1.000
1.000
1.000
1.020
1.040
1.045
1.075
1.095
1.120
1.140
1.150
1.150
1.150
1.150

Absorbance

71
Table 5
Calf Thymus Di\JA

Deoxyribonucleotide Recovery by Ion Exchange Chromatography

Fraction

dCMP
dTMP
dAMP
dGMP

E*
(X ID-3)

7.3
9.13
15.3
12.8

AVs Off

Relative Moles
(X ID"3)

Molar
Percent

14.17
24.06
39.08
25.59

1.94
2.64
2.56
1.99

21.25
28.88
28.00
21.94

*E values at pH 4.3 given by Sinsheimer (1953).
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